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The purpose of this study was to investigate the relations
among four exercise-induced phenomena-angina, ST
segment depression, decrease in ejection fraction and
thallium perfusion defects-and to determine their im-
pact on aerobic capacity. One hundred fifty-six men (mean
age 52 ± 8 years) with documented coronary heart dis-
ease were studied with radionuclide ventriculography
during supine bicycleexercise, thallium scintigraphy and
treadmill testing with computerized electrocardiography
and maximal oxygen uptake.
Of 624 administered tests, 243 results (39%) were
considered to indicate ischemia. The average number of
abnormal tests was 1.6 per patient and, when considered
Exertional angina and exercise-induced ST segment depres-
sion have been used in the diagnosis and evaluation of
coronary heart disease. When appropriately applied. these
markers. separately or combined. are associated with an
increased prevalence of coronary atherosclerotic narrowing
demonstrated by angiography. However. these findings are
not in agreement with angiographic or autopsy data in all
patients. Conversely, the presence of angiographic disease
does not mean that exercise-induced ischemia must occur.
Recently radionuclides have been used in the detection
of ischemia. Thallium scintigraphy can visualize defects due
to poor perfusion; radionuclide angiography can show a
decrease in ejection fraction in response to exercise. which
implies ischemic dysfunction. These techniques. used in
investigative work. have also been applied in clinical med-
icine. They have been used to detect ischemia. which im-
plies coronary artery disease. and to grade its severity.
Clinicians use these markers of ischemia to improve their
diagnostic ability. evaluate the amount of ischemia, detect
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as continuous variables, their results correlated poorly.
Correlations did not improve when adjusting for heart
rate achieved or by eliminating patients with coronary
artery bypass surgery or myocardial infarction. Statis-
tical methods of comparing degree of intertest agreement
yielded surprisingly weak relations among the four tests
of ischemia. Treadmill performance was markedly im-
paired by angina, but much less impaired by other in-
dicators of ischemia. It is concluded that the usual test
responses implying ischemia have weak agreement when
uniformly applied to patients with known coronary ar-
tery disease.
(1 Am Coil CardioI1985;5:59-69)
progression of atherosclerotic disease and evaluate thera-
peutic interventions. However. each of these markers im-
perfectly reflects ischemia. For uncertain reasons. they may
not all be present during ischemia in a given patient and
their order of appearance relative to heart rate can vary (I).
If these markers reflect a common pathophysiology, there
should be reasonable agreement among them when applied
carefully to the same patient population. If there is little
agreement among them, it may be that clinical features of
some patients make them more suitable for one test than
another.
The present study was undertaken to assess the relations
among the four exercise-induced markers of ischemia: an-
gina. ST segment depression, thallium perfusion defects and
a decrease in ejection fraction in a group of men with coro-
nary heart disease. Specifically, we asked two questions: 1)
is there agreement among these clinical indicators of ische-
mia? and 2) does the presence of ischemic markers other
than angina (asymptomatic ischemia) affect exercise capacity?
Methods
Study patients. This study is based on test results en-
tered into a computerized data base gathered from 156 men,
35 to 65 years of age. who were tested for entry into a
cardiac rehabilitation program. These men satisfied anyone
or more of the following criteria: 1) history of myocardial
0735-1097/85/$3.30
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infarction from chart review with at least two of the fol-
lowing features-typical prolonged chest pain, evolutionary
electrocardiographic changes or a rise in serum creatine
kinase, MB isoenzyme; 2) stable exertional angina pectoris
confirmed by angiographic evidence of coronary heart dis-
ease (>50% luminal narrowing), an abnormal exercise thal-
lium-201 study or an abnormal treadmill test showing hor-
izontal or downsloping ST segment depression; and 3)
coronary artery bypass surgery. Disease stability was as-
sured by excluding patients who had changing symptoms
or whose ischemic event had occurred less than 4 months
previously. Patients with active congestive heart failure,
unstable arrhythmias, diabetes mellitus, symptomatic pul-
monary disease, systemic hypertension (blood pressure greater
than 180 mm Hg systolic or 110 mm Hg diastolic), serious
claudication or locomotive limitations and those currently
or recently in an exercise program were excluded. Those
with valvular heart disease, including mitral valve prolapse,
were also excluded. Nearly 70% of our patients were re-
ferred with coronary angiograms that had been performed
within the year; these were independently reviewed by an
experienced cardiologist. Three patients had left bundle branch
block, 10 had right bundle branch block and 12 had non-
specific conduction delays.
Patients with left bundle branch block or left ventricular
hypertrophy were excluded from the ST segment analysis.
Patients taking a beta-adrenergic blocking agent discontin-
ued it for at least 3 days before testing and digoxin was
discontinued for 2 weeks. Nitrates were not taken in prox-
imity to the testing. Testing procedures were performed on
separate days within a week and included exercise electro-
cardiography, supine bicycle radionuclide ventriculog-
raphy, thallium scintigraphy and maximal oxygen con-
sumption measurements.
Treadmill exercise testing. A modified Balke-Ware
protocol (2) was used for two treadmill tests performed 3
days apart, first for thallium scintigraphy and second for
determination of maximal oxygen consumption. These tests
were conducted with continuous 12 lead electrocardio-
graphic and X, Y, Z recordings throughout the test and re-
covery periods. All patients were in the fasting state. The
electrocardiographic data were digitized on-line and later
processed by computer. Test end points were maximal
symptom- or sign-limited, the test being terminated with
the occurrence of 0.3 mV of horizontal or downsloping ST
segment depression (in relation to the PR segment) or 0.3
mV of ST segment elevation over the baseline ST segment
level, severe angina or arrhythmias, a systolic blood pres-
sure decrease of more than 20 mm Hg or fatigue. Twenty-
one percent of the patients terminated their treadmill test
because of severe angina, 4% because of a decrease in
systolic blood pressure and 4% because of claudication; two
patients stopped because of extreme ST segment depression
and one patient each because of an abnormally high systolic
blood pressure rise, atypical chest pain and serious pre-
mature ventricular complexes. In patients without symptom
or sign limitation, exercise was continued to volitional fa-
tigue. The amount of horizontal or downward sloping ST
segment depression in the lateral leads (V4, V5 and V0) was
visually interpreted from the raw recordings and entered
into the data bank. In addition, a computer program was
used to signal average and analyze the digitized data. ST
amplitude at 60 ms after the end of the QRS complex in
the Frank leads and the displacement of the ST vector in
space were calculated (3).
Levels of perceived exertion were recorded using the
Borg scale, ranging from 6 to 20 corresponding to very very
light to very very hard. Oxygen consumption (V02) , carbon
dioxide production ('VC02) and minute ventilation (VB) were
measured using the open circuit technique. Patients breathed
through a Koegel valve, and expired gas was collected in
meteorologic balloons during the treadmill test. Mixed ex-
pired oxygen and carbon dioxide were measured with an
Applied Electrochemistry S-3A oxygen analyzer and a Gould
Godard Mark IV Capnograph. Expired volumes were de-
termined by evacuating the meteorologic balloons through
a Singer dry gas meter calibrated with a tissot at a fixed
flow rate. The maximal oxygen consumption was the av-
erage of the last two 30 second samples obtained before an
exercise end point.
Thallium scintigraphy. Thallium-201 (2 mei) was in-
troduced into an antecubital vein I minute before the max-
imal exercise end point. Images were performed immedi-
ately and 4 hours after exercise in three views: anterior and
45° and 70° left anterior oblique. All analog scintigraphic
images were unprocessed and recorded on X-ray transparent
film. The thallium images were interpreted by three inde-
pendent readers who had no pertinent patient information.
The views were divided into three segments and graded
using a previously published scoring system (4) based on
both the size and intensity of defects ranging from I for
normal to 10 for the most severe. The thallium scores for
ischemia were calculated by subtracting the 4 hour thallium
score from the immediate thallium score. Ischemia was de-
fined as a score that decreased by 2 severity units if less
than 5 on the immediate range and by 3 severity units if
between 5 and 10 on the immediate image. A scar was a
defect score of 3 or greater that remained on the 4 hour
images.
Radionuclide angiography. Radionuclide angiography
was accomplished using the gated equilibrium technique
with subjects supine and their legs flat. A 15 mCi dose of
technetium-labeled red blood cells was administered intra-
venously. After equilibration, the activity within the blood
pool was recorded in a modified left anterior oblique pro-
jection (angled between 30 and 45°) with a caudal tilt of 10
to 20° which permitted optimal chamber separation. The
patients then performed three stages of supine bicycle ex-
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ercise. each 3 minutes in duration with the axis of the bike
pedals at the same level as the body. The work loads were
set to approximate 40,80 and \00% of the patient 's maximal
aerobic capacity as estimated by both a supine bicycle trial
on a separate day and a previous treadmill test. The test end
points were as previously described for the treadmill testing.
Scintigraphic data were recorded using a single crystal cam-
era with a general purpose parallel-hole collimator (25%
window) and recorded simultaneously on videotape and on-
line to the MDS A2 system. All acquisitions were 1.5 min-
utes in duration and acquired with a spatial resolution of 64
x 64 bytes.
Left ventricular ejection fra ction was derived from a
computer-generated background-corrected time-activity curve
using a variable region of interest. The ejection fraction was
calculated from the formula: ejection fraction == (end-
diastolic counts - end-systolic countsj/end-diastolic counts.
The discriminant value for a normal rest ejection fraction
was considered to be 50% or greater and for an abnormal
exercise response an ejection fraction decrease of more than
SC;(Jbelow the rest value . This value was chosen to improve
the discriminative value of this variable. Analyses were also
performed defining any decrease in ejection fraction with
exercise as abnormal.
Ventricular volumes at end-diastole and end-svstole were
estimated from end-diastolic and end-systolic counts and
the counts detected in 6 ml of blood taken during the cor-
responding rest and exercise periods. These techniques have
been validated in our laboratory with contrast ventriculog-
raphy and are reproducible both at rest and during exercise
(4 ,5) .
Statistics. Paired groups of data were analyzed for sta-
tistically significant differences between the groups. Binary
variables (for example, presence or absence of anginal were
evaluated using chi-square analysis. Yates' -corrected chi-
square analysis was used for two group comparisons. Pear-
son's chi-square analysis was used when more than two
groups were being compared . The mean values of contin-
uous variables were compared using Student's t test when
two groups were involved and two-way analysis of variance
for comparisons of four groups.
Stepwise discriminant analysis was used to compute lin-
ear classification functions for each marker of ischemia which
attempted to predict the presence or absence of that marker
based on the values of the other markers. Continuous vari-
ables were converted to binary variables by using cutoffs
(for example . < - 5% for exercise-induced change in ejec-
tion fraction) when they were used as the predicted variable .
A jackknifed validation procedure was used to reduce the
bias inherent in applying such a linear classification function
on the same data from which it was derived (6).
The kappa test (7) was used to rate intertcst agreement.
This procedure tests the hypothesis that pairs of tests agree
by more than chance. All statistical analyses except the
kappa test were done using the BMDP Biomedical Computer
Programs, P-series 1979 edition.
Results
General features (Table 1). The study patients had var-
ious manifestations of coronary heart disease . However,
since 72% had a history of at least one myocardial infarction
02% had thallium scar). myocardial infarction was heavily
represented. The median time from the most recent infarc-
tion was /7 months.
Thirty-seven percent of the study patients had undergone
coronary artery bypass surgery . Sixty patients had had coro-
nary angiography, but had not undergone bypass surgery.
Of these, 28% had three vessel or left main coronary disease.
Although 76% had a history of past or current typical
cxertional angina. only 34% had angina on the treadmill
exercise test and only 2\ % stopped the test because of an-
gina. Thirteen percent of the patients were admitted to the
study because of documented angina alone without a history
of myocardial infarction or coronary artery bypass surgery.
Twenty-eight percent of the patients who had undergone
bypass surgery had treadmill-induced angina . Of the total
study group, 44% had abnormal ST segment depression on
exercise testing while 46% had ischemia by thallium scan
and 33ck had a decrease in ejection fraction at maximal
exercise of more than 5% below the rest value.
Agreement among markers of ischemia. Figure 1 shows
regression analyses of the continuous variables in their pos-
sible combinations; r values represent the degree of corre-
lation between two markers. Angina, a binary variable, is
not amenable to this type of analysis. Although general
trends can be seen. the correlation coefficients are surpris-
ingly poor, with absolute values all 0.26 or less.
Various subsets were cons idered to see if correlations
would improve . It has been suggested that the presence of
Q waves in the anterior leads of the rest electrocardiogram
diminishes the reliability of exercise-induced ST segment
depression to detect ischemia . Eliminating those patients
with Q waves in the anterior leads from the ST segment
analysis did not, however, improve correlations with
thallium-detected ischemia or ejection fraction response to
exercise . Correlations were also not improved when using
spatial ST segment shifts rather than standard ST depression.
ST depression divided by the maximal heart rate gave only
mildly improved correlations with thallium-detected ische-
mia and ejection fraction response to exercise (ST depres-
sion versus thallium-detected ischemia , r = 0.27; ST
depression versus exercise-induced change in ejection frac-
tion,r = - 0.23).
Subgroup analysis. Table 2 shows the results of divid-
ing the patients into subgroups on the basis of an ischemic
or nonischemic response to each test and of examining the
results of each of the other three tests within these subgroups.
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Table 1. Descriptive Data for the Entire StudyGroup (n
History
Age (yr)
Weight (kg)
Drug history (no drugs while tested)
% taking beta-blocking agents
nitrates
digoxin
antihypertensive agents
antiarrhythmic drugs
none
% with coronary artery bypass surgery
% with history of myocardial infarction
% with transmural
anterior
inferior
other
subendocardial only
% without bypass or history of myocardial infarction
Months since most recent myocardial infarction (median)
% with history of congestive heart failure
Treadmill variables
Rest heart rate (beats/min)
Maximal heart rate (beats/min)
Rest systolic blood pressure (mm Hg)
Maximal systolic blood pressure (rnrn Hg)
Rate-pressure product (X 103)
Estimated oxygen consumption (ml·kg- I . min-- I )
Maximal oxygen consumption (rnl-kg- I. min- I)
Perceived exertion (scale from I to 20)
Radionuclide variables
Rest end-diastolic volume (rnl)
Rest ejection fraction (%)
End-diastolic volume at maximal exercise (rnl)
Ejection fraction at maximal exercise (%)
% with rest ejection fraction 2:50%
Thallium ischemia score
Thallium scar score
% with thallium scar
Maximal cardiac output (liters/min)
Ischemic markers
% with angina on treadmill test
abnormal ST depression on treadmill test
thallium-detected ischemia
~EF :5 -5%
4 abnormal test results
3 abnormal test results
2 abnormal test results
I abnormal test result
o abnormal test result
Average number of abnormal tests per patient
156)
53 ± 9
84 ± 13
49
45
16
12
15
15
37
72
64
21
34
9
8
13
17
9
68 ± 12
155 ± 21
129 ± 29
183 ± 29
29 ± 55
33 ± 9
26 ± 6
17 ± 2
133 ± 59
53 ± 14
154 ± 63
53 ± 16
68
3.5 ± 4.0
12.2 ± 7.1
72
lOA ± 4.0
34
44
46
33
8
12
28
31
21
1.6
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Values are expressed as means ± I standard deviation. ~EF = (maximal exercise ejection fraction minus
rest ejection fraction) divided by rest ejection fraction times 100.
Patients with angina showed significantly more thaIlium-
detected ischemia (p < 0.001) and exercise-induced ST
depression (p < 0.01) than did those free of angina. Patients
with and without angina also differed in mean change in
ejection fraction with exercise. Patients with angina had a
mean decrease while those without angina had a mean in-
crease, but there was a broad range of responses. Patients
with abnormal ST depression had a higher prevalence of
angina than did those without this response (46 versus 24%;
p < 0.01). Thallium-detected ischemia and the exercise-
induced change in ejection fraction showed significant dif-
ferences among these subgroups as well, but there was much
overlap.
Although angina was more prevalent in the subgroup
JACC Vol. 5. No.1
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Figure I. Scattergrams of the noninvasive measures of myocardial
ischemia in 156 men (thallium ischemia score versus ischemic ST
depression).
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with thallium-detected ischemia than in the subgroup with-
out (44 versus 26%; p < 0.05), there was no difference in
the mean amount of ST segment depression. As in the pre-
vious comparisons, the exercise-induced change in ejection
fraction tended to decrease in those with thallium-detected
ischemia and increase in those without, but again, there was
considerable overlap.
Those with an abnormal ejection fraction response to
exercise « - 5%) had somewhat more ST segment depres-
sion on treadmill testing (p < 0.05). Thallium scores for
ischemia were also higher (p < 0.01) in this group.
Those with severe angina (defined as angina causing
termination of the treadmill test) were examined to see if
they had more frequent abnormal repsonses on other tests
than did patients with less rigidly defined angina. Those
with severe angina had a greater decrease in ejection fraction
(-7 ± 15% versus +3 ± 18%; p < 0.05). However, the
differences in thallium-detected ischemia and ST depression
between the groups with and without severe angina were
no more significant than the differences in the groups clas-
sified according to the presence or absence of any degree
of angina.
Effects of coronary artery bypass surgery and myo-
cardial infarction. Correlations did not improve when pa-
tients with coronary artery bypass surgery or myocardial
infarction were eliminated from the analysis. Further di-
chotomous analysis was also applied to those with coronary
bypass surgery and a history of Q wave myocardial infarc-
tion (Table 3). Patients who had undergone coronary artery
bypass surgery had significantly less evidence of ischemia
by thallium scintigraphy. They tended to have less angina
and ST depression, but these differences were not statisti-
cally significant. A history of Q wave myocardial infarction
was associated with less angina and less abnormal ST
depression. These differences reflect a selection bias. Par-
adoxically, the radionuclide markers implied more ischemia
in these patients. However, none of these trends was found
by chi-square analysis to be statistically significant.
A two way analysis ofvariance was performed to examine
the effect of coronary artery bypass surgery on the inter-
actions among the ischemic markers. Patients who had
undergone bypass surgery had less mean ST segment depres-
sion and lower thallium ischemia scores. Only in the case
of ST depression did this affect relations between tests. In
patients who had undergone bypass surgery, there was no
longer any relation between the presence of angina or of an
abnormal ejection fraction response to exercise to the pres-
ence of ST depression on treadmill testing.
Analyses of variance were also done to determine whether
myocardial infarction or rest ejection fraction had any effect
on the relation of the ejection fraction response to exercise
to the other ischemic markers. Those with a history of Q
wave myocardial infarction and those with an abnormal rest
ejection fraction «50%) had more scar by thallium scan
than did those without. Those with an abnormal rest ejection
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Table 2. Values for the Other Markers of Ischemia Within Subgroups Formed by the Presence or Absence of Each Marker
ST No ST Thallium No Thallium Abnormal Normal
Angina (%) No Angina Depression Depression Ischemia Ischemia 6EF 6EF
(n = 53) (n = 103) (n = 67) (n = 84) (n = 71) (n = 85) (n = 52 ) (n = 104)
Angina (%) 46t 24 44* 26 44 29
ST depres sion (0101) -1.3 ± I.2 t - 0. 6 ± 0.9 - 0. 1 ± 1.1 - 0 .7 ± 1.0 -1.2 ± 1.3* - 0 .7 ± 0.9
Thallium ischemia 3.1 ± 4.6t 2.7 ± 3.7 4.3 ± 4.8* 2.8 ± 3.5 5.0 ± 5.0t 2.8 ± 3.5
6EF (%) -4 ± 16* +2 ± 18 - 3 ± 16* +3 ± 18 -4 ± 19* + 3 ± 16
*p < 0.05; t p < 0 .01; t p < 0.001. Values are expressed as means ± I standard deviation. 6EF = (maximal exercise ejection fraction minus rest
ejection fraction) divided by rest ejection fraction times 100.
fraction also had less ST depression. However, after con-
trolling for rest ejection fraction, the only relation affected
was that the group with an abnormal ejection fraction re-
sponse to exercise no longer had more ST depression than
those with normal exercise responses.
A similar analysis was performed to look for any effect
of the presence of thallium scar on the relation of thallium-
detected ischemia to the other markers . This study revealed
that only the patients who had both ischemia and scar by
thallium scintigraphy showed an abnormal ejection fraction
response to exercise. There was no evidence from this anal-
ysis that thallium scar obscured or distorted any of the other
relations.
Thekappatest. The kappa test was appliedas a measure
of intertest agreement. The assumption with such an analysis
is that if agreement between tests is high, then there is a
possibility that the tests reflect the factor they are hypoth-
esized to reflect. In this case, this analysis is applied as a
measure of agreement between markers. The assumption is
that high intertest agreement reflects a common pathophys-
iology, that is, ischemia. Note that if agreement between
markers is low, the usefulness of the markers is severely
limited; "for it is meaningless to ask what is associated with
the variable being rated when one cannot even trust those
ratings to begin with" (8). Values for kappa have been
ranked with respect to the degree of agreement they suggest
(9). Values greater than 0.75 represent excellent agreement
beyond chance and values below 0.40 represent poor agree-
ment; intermediate values represent fair to good agreement.
A further calculation may be applied to the kappa values
that are associated with poor agreement to see if the agree-
ment is any better than chance (Fig. 2). The conclusion of
this analysis is that the four markers of ischemia. when
applied to the patients in this study, have very weak agree-
ment; often the agreement is barely better than chance.
Stepwise discriminant analysis. As an additional method
to measure the degree of agreement among these various
tests, we applied a stepwise discriminant analysis. Using
the results from the other three tests to predict the presence
or absence of angina, the prediction was correct 66% of the
time. Using the other markers to predict the presence or
absence of an abnormal ejection fraction response to ex-
ercise, the prediction was correct 60% of the time. With
regard to ST depression and thallium ischemia, the predic-
tions were correct 60 and 58% of the time, respectively.
These relatively poor values confirm the fi ndings of the
kappa analysis.
Markers of ischemia andother variables. Table 4 shows
the results of a dichotomous analysis when applied to various
clinical descriptors, exercise responses and radionuclide
variables. On treadmill testing significant heart rate im-
pairment was observed in the patients with angina: their
heart rate-systolic pressure product and maximal oxygen
consumption were the lowest of any subgroup.
Table 3. Prevalence of the Markers of Ischemia in the Entire Study Group and in Subgroups
Formed by the Presence or Absence of Coronary Artery Bypass Surgery and the Presence or
Absence of a History of Q Wave Myocardial Infarction
No Coronary History of No History of
Coronary Artery Artery Bypass Myocardial Myocardial
Bypass Surgery Surgery Infarction Infarction Total
(n = 58) (n = 98) (n = 100 ) (n = 56) (n = 156)
% with angina 26 39 3 1 40 34
% with abnormal ST 38 48 38 S5 44
depression
% with thallium- 29* 55 49 36 46
detected ischemia
% with abnormal 6EF 36 32 37 27 33
*p < 0 .0 1. 6EF = (maximal exercise ejection fraction minus rest ejection fraction ) divided by rest ejection
fraction times 100.
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Figure 2. The results of 624 tests for ischemiaand the degree of
intertest agreement as determined by the kappa test. Kappavalues
less than 0.4 implyweak agreement between tests. Probability (p)
values less than 0.05 imply an agreement between tests that is
better than chance. Angina = angina on treadmill testing; ~EF
= (maximal exerciseejectionfraction minusrest ejection fraction)
divided by rest ejection fraction times 100; STD = ST segment
depression on treadmill testing; THAL = thallium-detected isch-
emia; + = an abnormal response indicative of ischemia; -
no evidence of ischemia.
Discussion
Our study showed little agreement among four clinical
indicators of myocardial ischemia when uniformly and suc-
cessively applied to a group of men with stable coronary
heart disease . Except for angina. the presence or absence
of ischemic indicators poorly predicted treadmill perform-
ance or aerobic capacity. There are several possible expla-
nations for the lack of agreement among the tests. These
include problems with the reproducibility and accuracy of
The presence ofabnormal ST depression was associated
with a mildly impaired heart rate response; no other per-
formance variable was especially abnormal in this subgroup .
These patients had a higher rest ejection fraction ; this prob-
ably reflects a selection bias since those with a normal ST
segment response probably included more patients who were
admitted to the study because of myocardial infarction . a
feature associated with low rest ejection fraction . Howe ver .
this rationale does not hold (as it should) for the other
subgroups. Forexample, patients with thallium-detected isch-
emia did not have a higher rest ejection fraction than did
those without thallium-detected ischemia.
The absence of thallium-detected ischemia predicted those
with a higher maximal systolic blood pressure and. thus. a
higher rate-pressure product; other measures of performance
were not different among these subgroups. An abnorm al
ejection fraction response to exercise was poorly related to
abnormal clinical feature s or abnormal treadmill perform-
ance variables.
STD
STD
STD
THAL ~EF
+ - + -
+f35l32l Kappa =0.12 +f3OT4il
-[illill p =0. 07 THAL -lli.lliJ
LlEF ANGINA
+ - + -
+\28l39l Kappa = 0.08 +fJiT4iil
-[E@] p = 0.03 THAL -lli.lliJ
ANGINA ANGINA
+ - + -
+[311361 Kappa =0.22 +f23T29l
_~ P =0.003 LlEF-~
Kappa =0.17
p = 0.02
Kappa =0.18
p = 0.01
Kappa =0.15
p =0.03
the techniques used to measure ischemia and problems with
the statistical analyses.
Test reproducibility. Obviously , if our test results are
not reproducible. then the results we have obtained are of
no value . Our testing was uniformly applied by the same
small group of technicians and physicians over a brief time
interval. Previous studies in our laboratory (4. 5) have dem-
onstrated reproducibility . Work load and heart rate achieved
must be similar to expect reproducible results with exerci se
tests (10). However. this did not affect our results since all
our tests were relativel y maximal and had comparable end
points.
Test accuracy. Do these tests accurately measure what
they are intended to measure? Perhaps it is wrong to expect
a high degree of agreement among these markers of ische-
mia . It is possible that they have an independent patho-
physiology in that result s on each test reflect unique man-
ifestation s of ischemia. This possibility is difficult to refute
or substantiate. although one marker certainly may occur
without the others . The unifying feature of those with symp-
tomatic coronary heart disease must certainly involve the
myocardial oxygen supply and demand ratio . Although high
grade coronary atherosclerotic obstruction does not allow
adequate oxygen delivery to meet the increasing demands
during exercise. it is less clear how much this is a factor in
those with 50 to 70% coronary obstructions (II) . Changes
in vascular tone may vary significantly among these patients
and. thus . yield divergent test result s ( 12). Although patients
with valvular heart disease , including mitral valve prolapse,
those with cardiomyopathy and those with significant hy-
perten sion were excluded . there still may be enough het-
erogeneity among our study patients to expect that etiologic
factor s may have influenced test result s.
Test limitations. Each test has limitations in detecting
and quantifying myocardial ischemia. Regional wall motion
abnormalities due to ischemia occur before global changes
and. therefore. should be more sensitive . However , we found
poor interob server agreement in regional analysis and failed
to find a computer analysis sufficiently reliable and accurate .
Washout rates of thallium probably are more accurate for
detecting ischemia and differentiating it from scar. Epicar-
dial ST changes can occur before surface electrocardio-
graphic changes are apparent , and the rate of change of ST
segment depression may more accurately quantitate isch-
emia . Though heart rate achieved during supine maximal
exerci se is lower than that during upright testing. other
investigators (13) using similar techniques have reported
remarkable agreement of these result s with coronary angio-
graphi c findings. The methods we employed are those cur-
rently available for the noninvasive evaluation of myocardial
ischemia; the limitations mentioned are sources of error
inherent in these method s.
Patient selection. Patient selection may have affected
our result s . More than one-third of our patients had had
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Table 4. Values or Prevalences of Various Historic, Clinical and Radionuclide Variables Within Subgroups Formed by the Presence
or Absence of Each Marker of Ischemia
36t 15
145 :±: 23t 161 :±: 23 152 :±: 21* 159 :±: 20
175 :±: 30 188 :±: 27 181 :±: 29 186 :!:: 28
26 :±: 7t 30 :±: 5 28 :±: 6 30 :!:: 6
23 ± 5t 27 ± 6 25 :±: 6 27 ± 6
55 :±: 12 52 :±: 15 57 :±: l it 51 ± 15
53 ± 15 53 ± 17 55 ± 13 52 ± 17
% with history of
myocardial infarction
% with coronary
bypass surgery
% with severe angina
Heart rate at maximal
exercise (beats/min)
Systolic blood pressure
at maximal exercise
(mrn Hg)
Rate-pressure product
( X 10- 3)
Maximal oxygen
consumption
(ml-kg r I-min - I)
Ejection fraction at rest
(%)
Ejection fraction at
maximal exercise (%)
ST
Angina No Angina Depression
(n = 53) (n = 103) (n = 67)
58 67 54
29 42 31
No ST
Depression
(n = 84)
70
42
Thallium-Detected
Ischemia
(n = 71)
77
24t
37t
153 ± 21
175 :±: 26:):
27 ± 6t
26 :±: 6
51 :±: 15
49 ± 17*
No Thallium- Abnormal Normal
Detected Ischemia ~EF ~EF
(n = 85) (n = 52) (n = 104)
67 71 61
48 40 30
15 35* 18
157 ± 20 154 ± 22 i56 :±: 20
190 ± 28 178 ± 29 186 :±: 28
30 ± 6 28 ± 6 29 :±: 6
26 ± 6 25 ± 6 26 :±: 6
54 :±: 14 52 :±: 14 53 ± 14
56 :!: 15 43 ± 14:): 48 ± 15
*p < 0.05: t p < 0.01; :j: p < 0.001. Values are expressed as rneans x I standard deviation. ~EF = (maximal exercise ejection fraction minus rest
ejection fraction) divided by rest ejection fraction times 100.
coronary bypass surgery; two-thirds had a history of doc-
umented myoca rdial infarction and one-third had an abnor-
mal rest ejection fractio n. It may be that these clinical fea-
tures distort test results (14) , but our subgroup analy sis of
the data provided minimal support for this possibility . It is
clear that our patien ts have coronary heart disease, but only
34% had angina on treadmill testing. However, a low prev-
alence of ischemia does not exp lain the poor correlations
between marke rs of ischemia demonstrated in Figure I. For
example, those with normal ST segment respo nse to exercise
had thallium -detected ischemia scores ranging from - 3 to
+ 18 and exercise-induced changes in ejection fraction rang-
ing from - 60 to +45 . Our results indicate that the tests
ate poor indicators of degrees of ischemia.
Statistical concerns. That the tests lack agreement may
reflect a statistical bias ; the likelihood of false negative
resu lts on any test increases as pretest probability of disease
increases (15). Possibly, the crite ria for abnormal responses
were inappropriate . This may have affected comparisons
between groups, but would not have any influence on linear
regression analyses (Fig . I) because test results were con-
tinuous variables; thus, correlations among the three non-
invasive tests were independent of arbitrary discriminant
values . Standard criteria for ST segment responses were
used . Our criterion for an abnormal exercise-induced change
in ejection fraction was more strict than that of others,
requiring more than a 5% decrease from rest values . Most
studies use the lack of a 5% increase to define abnormal .
We chose our criteria to ensu re that a change represented
more than experimental error. This may have increased the
number of false negative studies and impaired test sensitiv-
ity. However, when a less rigorou s criterion was applied
(any decrease in ejection fraction with exercise), results
were similar.
Criteria for entry into this study included the very vari-
ables being studied, which creates a potential bias. How-
ever, this would tend to increase correlations rather than
decrease them. The fact that correlations were so poor de-
spite this bias underscores our conclusions.
Other stud ies . If angina, ST depression, thallium-
detected ischemia and abnormal ejection fraction respon se
to exerci se all indicate myocardial ischemia, it is reasonable
to expect a high degree of agreement among these tests .
The degree of abnormality in each of these tests is thought
to reflect the area of myocardium at risk; therefore, a mark -
edly abnormal result on one test should correlate with a
markedly abnormal result on the others. We could find no
studies that sllccessively applied all four of these markers
to a similar group of patients. Examining those studies that
apply two or more noninvasive tests revea ls variable result s.
Although some investigators (13) found good agreement
among angina . ejection fraction response and ST segment
depre ssion, many studies show much less agreement.
Campos et al. (16) analyzed data from 544 patients with
suspected coronary heart disease who underwent exercise
treadmill testing, radionuclide angiography and coronary
JACC Vol. 5. No.1
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arteriography. Thirty-eight percent of these patients had a
history of myocardial infarction, 56% had a history of typ-
ical angina pectoris and 75% had significant coronary artery
disease. Forty-six percent had abnormal ST segment re-
sponses on treadmill tests, but 73% had abnormalities in
radionuclide results (rest ejection fraction <50%, no in-
crease in ejection fraction in response to exercise or a wall
motion abnormality). While sensitivities of these tests were
good, specificities were poor and significantly different
(treadmill testing 46%; radionuclide testing 34%; p < 0.01).
Colby et al. (10) studied 179 patients with angiography,
thallium exercise scintigraphy and exercise treadmill testing.
All patients had significant coronary artery disease and 21%
had a history of previous myocardial infarction, but patients
who had had coronary bypass surgery were excluded. They
found abnormal treadmill tests in 44%, but the degree of
ST depression did not correlate with rest left ventricular
function, extent of angiographic disease or extent of exer-
cise-induced thallium perfusion abnormalities. Only when
work load and heart rate achieved were taken into account
did a significant relation emerge between ST depression and
thallium perfusion abnormalities.
Bailey et al. (17) examined 63 patients with angiograph-
ically demonstrated coronary artery disease using treadmill
testing and thallium scintigraphy. Forty-three percent of
their patients had had myocardial infarction and 32% had
angina during treadmill testing. Thirty-eight percent had
significant ST segment depression while 56% had thallium
perfusion abnormalities consistent with ischemia. The dif-
ferences in response (ST segment depression versus thallium
perfusion) were significant (p < 0.02); agreement between
these two markers improved as the severity of angiographic
disease increased. Perfusion abnormalities appeared more
frequently than angina in their patients tp < 0,(l02).
Ejection fraction response. Although many studies show
high correlations between an abnormal ejection fraction re-
sponse to exercise and the presence of significant coronary
heart disease, other laboratories report wide variations in
this response and poor specificity. Gibbons et al. (18) ex-
amined the ejection fraction response to upright exercise by
radionuclide angiography in 60 patients who had chest pain
and normal coronary angiograms. They found a wide range
of ejection fraction responses (from - 23 to + 24%). DePace
et al. (19) found poor agreement between extent of disease
and ejection fraction response to exercise in 65 patients with
known coronary artery disease of varying severity. How-
ever, patients with an abnormal ST response to exercise had
a significantly impaired ejection fraction response when
compared with those without ST depression. A more recent
study from Gibbons et al. (20) included 281 patients with
angina, significant coronary artery disease and a normal rest
ejection fraction; they observed a wide range of ejection
fraction response to exercise (- 36 to +26%). Extent of
coronary artery disease was only modestly related to ejection
fraction response; many other clinical descriptors influenced
this response. They concluded that the response manifests
a complex pathophysiology, with the extent of coronary
heart disease being only one of several important factors.
Rozanski et al. (21) in a retrospective analysis reported
a remarkable decrease in the specificity of exercise radio-
nuclide ventriculography since its initial use at their insti-
tution. Normal ejection fraction response to exercise (5%
increase) identified 94% of patients without angiographi-
cally significant coronary artery disease during 1978 and
1979. The same technique was able to identify only 49%
of those without disease during 1980 to 1982. These stud-
ies had been conducted on patients without significant coro-
nary disease (no more than 30% luminal narrowing) or pre-
vious myocardial infarction. Women were equally prevalent
in both groups. Risk factor analysis revealed five times
greater risk of disease in the group showing a lower spec-
ificity. Although this study is not directly analogous to ours,
it does point out the importance of the study group tested
in the evaluation of a diagnostic test. This study and others
(20) demonstrate the limitations of the ejection fraction re-
sponse to exercise in evaluating ischemia.
Angina. Although angina is a good predictor of coronary
heart disease, it has limitations. It has been shown that
severity and frequency of anginal episodes do not correlate
with degree of coronary obstruction (22). However, Weiner
et al. (23) showed that angina alone on treadmill testing is
as predictive as an apnormal ST response in identifying
significant coronary heart disease. In their study of 300
patients, these two markers of ischemia appeared together
only 28% of the time.
Role of coronary angiography. Most studies compare
results of noninvasive testing with coronary artery narrow-
ing demonstrated by angiography. The assumption is that
ischemia as manifested electrophysiologically (by ST seg-
went shifts), alterations in perfusion (thallium scintigraphic
abnormalities) or global dysfunction (radionuclide angiog-
raphy) are caused by and quantitatively related to the degree
of angiographic narrowing. Thus, the reference standard for
ischemia has been coronary angiography. However, the
presence of anatomic narrowing does not necessarily imply
physiologically significant ischemia.
Berger et al. (24) studied 31 patients with chest pain,
abnormal exercise treadmill test and angiographically nor-
mal coronary arteries. Thallium scintigraphy was performed
in all patients at maximal exercise. An abnormal ejection
fraction response to exercise (a decrease or lack of change
within ± 5% of the rest value) was detected in 39%. Sev-
enteen percent of their patients had thallium defects con-
sistent with ischemia. Coronary artery spasm was doubtful
historically, and results of ergonovine provocation tests were
normal in those tested. Thus, coronary angiographic nar-
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rowing is not an infallible standard for ischemia. The pres-
ence of angiographic disease does not always imply isch-
emia, and its absence does not ensure normal perfusion.
Clinical application. Applying our findings to clinical
practice may be difficult. In a group of patients with a high
prevalence of disease, a negative test is of little diagnostic
value. The predictive value of a negative test is progressively
poorer as the pretest likelihood of disease increases. When
disease prevalence in 1,000 patients is 90%, and sensitivity
and specificity of a test is 75 and 85%, respectively, only
30% of those with a normal test will not have disease (25).
This study does not intend to discourage appropriately ap-
plied noninvasive testing in the diagnosis of coronary heart
disease. Such noninvasive tests are especially useful when
applied to patients with an intermediate pretest likelihood
of disease. They are best used in combination for diagnosis
only when initial data are not definitive.
Our results are best applied to clinical intervention or
prognostic studies, pointing out the hazards in drawing con-
clusions from tests that, when applied to a group with prob-
able coronary heart disease, have remarkably disparate re-
sults. Patients who have had coronary artery bypass surgery
may have unique responses to tests of this nature. We found
that those with angina after bypass surgery were likely to
have normal ST segment responses. Further studies may
help determine which factors are most important in test
selection and which patients are best suited for specific tests.
The amount of myocardium in jeopardy from ischemia
should be an important prognostic feature in those with
coronary heart disease. However, the amount of remaining
myocardium as judged by infarct size or ejection fraction
has been a much stronger risk predictor. This emphasizes
the imprecision in quantifying myocardial ischemia. Until
more accurate measures of quantifying myocardial ischemia
are available, it may be better to base decision-making on
information obtained from the clinical assessment of the
patient; in usual circumstances, information obtained from
noninvasive testing may be misleading.
Conclusion. We have shown that four noninvasive
markers of myocardial ischemia have weak agreement when
uniformly applied to a group of men with stable coronary
heart disease. The presence of a marker of ischemia in the
absence of angina (asymptomatic ischemia) minimally im-
pairs treadmill performance. Decisions regarding the se-
verity of ischemia are best made by clinically assessing the
patient, rather than by using these test results.
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